The psychotropic education and knowledge test for nurses in acute geriatric care (PEAK-AC) measures knowledge of psychotropic indications, doses and adverse drug reactions in older inpatients. Given the low internal consistency and poor discrimination of certain items, this study aims to adapt the PEAK-AC, validate it in the nursing home setting and identify factors related to nurses' knowledge of psychotropics. Method: This study included nurses and nurse assistants employed by nursing homes (n D 13) and nursing students at educational institutions (n D 5) in Belgium. A Delphi technique was used to establish content validity, the known groups technique for construct validity (n respondents D 550) and the testÀretest procedure for reliability (n respondents D 42). Internal consistency and item analysis were determined. Results: The psychotropic education and knowledge test for nurses in nursing homes (PEAK-NH) (n items D 19) demonstrated reliability (k D 0.641) and internal consistency (Cronbach's a D 0.773). Significant differences betweengroup median scores were observed by function (p < 0.001), gender (p D 0.019), educational background (p < 0.001), work experience (p D 0.008) and continuing education (p < 0.001) for depression, delirium and pharmacotherapy topics. Items were acceptably difficult (n items D 15) and well-functioning discriminators (n items D 17). Median PEAK-NH score was 9/19 points (interquartile range 6À11 points). Respondents' own estimated knowledge was related to their PEAK-NH performance (p < 0.001). Conclusion: The PEAK-NH is a valid and reliable instrument to measure nurses' knowledge of psychotropics. These results suggest that nurses have limited knowledge of psychotropic use in nursing homes and are aware of their knowledge deficits. The PEAK-NH enables educational initiatives to be targeted and their impact on nurses' knowledge to be tracked.
Introduction
The majority of nursing home residents are exposed to polypharmacy (at least five medications) Onder et al., 2012; Tamura, Bell, Inaba, & Masaki, 2012) . Within polypharmacy, psychotropic medications (defined in this study as antipsychotics and hypno-sedatives) are used by 71%À79% of nursing home residents (Azermai, Elseviers, Petrovic, Van Bortel, & Vander Stichele, 2011a; Mann et al., 2013; Rolland et al., 2012; Ruths et al., 2013) . This global phenomenon is also found in Belgian nursing homes, where psychotropic medications are considered inappropriate in 22%À98% of users, depending on the criteria applied (Azermai, Elseviers, Petrovic, Van Bortel, & Vander Stichele, 2011b; Elseviers, Vander Stichele, & Van Bortel, 2014) . High consumption of inappropriate psychotropics persists in nursing homes despite the risk of adverse drug reactions (ADRs) that could result in falls and consequent fractures, ischemic stroke or mortality (Allain, Bentu e-Ferrer, Polard, Akwa, & Patat, 2005; Glass, Lanctôt, Herrmann, Sproule, & Busto, 2005; Gray et al., 2006; Gurevich, Guller, Berner, & Tal, 2012; Peron, Gray, & Hanlon, 2011) .
Knowledgeable nurses can be instrumental in providing quality care to residents. Although several instruments exist to measure hospital nurses' knowledge of general pharmacology (Grandell-Niemi, Hupli, Leino-Kilpi, & Puukka, 2005; Simonsen, Johansson, Daehlin, Osvik, & Farup, 2011) , only one instrument to date targets nurses' knowledge of psychotropic medications used by older inpatients (Wauters, Versluys, Steeman, & Petrovic, 2013) . This instrument, the psychotropic education and knowledge test for nurses in acute geriatric care (PEAK-AC), measures knowledge of psychotropic indications, doses and ADRs in older inpatients. However, the internal consistency of the PEAK-AC is low and some items have poor discrimination values.
Similar to the acute care setting, chronic, often inappropriate, psychotropic use is also common in Belgian nursing homes (Azermai, Elseviers, Petrovic, Van Bortel, & Vander Stichele, 2011b) . However, in contrast to acute geriatric care, nursing home residents, often highly and permanently care dependent, receive long-term, daily care from nurses and nurse assistants who have divergent training and responsibilities for medication administration and resident monitoring. Moreover, nurse assistants in Belgium often prepare medication in their daily practice for administration in nursing homes although this task falls outside of their legal mandate and training (Dilles, Elseviers, Van Rompaey, Van Bortel, & Vander Stichele, 2011) . found that long-term care nurses' lack of knowledge is perceived as an important barrier to safe medicines management in Belgian nursing homes. The first step to effectively address this barrier is to measure nurses' knowledge, then set goals, provide training and track progress. However, no known psychotropic knowledge assessment instrument has yet been validated for nurses in the nursing home setting. This study aims first to adapt the PEAK-AC and improve its psychometric properties and second to validate it for use in the nursing home setting.
Methods Setting
In Belgian nursing homes, nurses independently prepare and administer medications, and monitor their effects in residents Royal Order n 78, 1967) . Nurses hold a Bachelor's Degree or a Diploma in nursing, both of which provide foundational technical training and accredit graduates to perform the same nursing tasks (Dilles, Vander Stichele, Van Rompaey, Van Bortel, & Elseviers, 2010) . Bachelor programmes provide in-depth theoretical instruction and train students to function independently in complex care situations, while Diploma programmes focus on on-the-job training.
Belgian nursing homes also employ nurse assistants who provide a limited scope of care, health education and logistical support under the supervision of a nurse (Royal Order n 78, 1967) . Nurse assistants' responsibilities for pharmacotherapy are limited to administering oral medications previously dispensed, prepared and personalized by a nurse, a pharmacist or a distribution system (Royal Order n 78, 1967) . Nurse assistants hold a Certificate, obtained through vocational training in high school or adult education, which provides only basic technical training for a limited set of nursing skills (Dilles et al., 2010) .
Each resident has his/her own (external) general practitioner who is responsible for prescribing medications. Nursing staff are not entitled to prescribe medications.
Original instrument: PEAK test for nurses in acute geriatric care (PEAK-AC)
The PEAK-AC is a Dutch language instrument (called Kennistest omtrent psychofarmaca bij verpleegkundigen op de dienst acute geriatrie in Dutch) developed to measure nurses' knowledge of geriatric pharmacotherapy (i.e. dosages and the effect of aging on drug metabolism) and specifically the use of antipsychotic and hypno-sedative medicines (i.e. indications and related ADRs) in acute geriatric care (Wauters et al., 2013) . The 24-item instrument concerns general knowledge. The content was developed by Wauters et al. based on a literature survey and refined using a Delphi Technique with 10 experts to establish content validity (Wauters et al., 2013) . The PEAK-AC showed good testÀretest reliability (r D 0.80 95%, CI D 0.675À0.880, p < 0.001), however low internal consistency (Cronbach's a D 0.31À0.53). Item analysis showed that hypno-sedative and pharmacotherapy items are acceptable discriminators, antipsychotic items are poor discriminators, and all items have good difficulty values except two.
Instrument adaptation for the nursing home setting
A two-round Delphi Technique was used to adapt the PEAK-AC for the nursing home setting. Eight experts in psychotropic use were included: one old age psychiatry nurse, three old age psychiatrists, two clinical pharmacists and two clinical pharmacologists. Content validity index (CVI) scores for the clarity and relevance of each item were computed after each round. Cut-off values for CVI scores were set according to the number of experts in each round (Lynn, 1986) .
Instrument validation in the nursing home setting
A random sample of 25 (public, private for-profit and private non-profit) of the 30 nursing homes and all 7 educational institutions training nurses and nursing assistants in Ghent, Belgium, were invited to participate.
Eligible participants had heterogeneous nursing education and were either employed in a nursing function or enrolled as a student at a participating institution.
The instrument was administered between May 2012 and January 2013 by either a staff member of the institution or a research assistant. In addition, the testÀretest technique was applied to students at the Institute of Nursing in Ghent. The PEAK-NH was either administered by a staff member of the institution or by a research assistant. When the PEAK-NH was administered by a staff member, we did not ask the institution to report who/their job title because we considered that by noting the administration method (own staff member vs. research assistant), we could test for any differences between the two administration methods (no differences in performance were found). The PEAK-NH was administered to the same respondents in two rounds, in which the 19 items were randomly ordered. Randomly ordered refers to a co-author who selected the order of items not based on logic. No randomization procedure was applied. A 30-minute break was granted between rounds (no intervention). In the implicit consent procedure, every participant took part on a voluntary basis and could freely choose to participate or not.
Psychometric and item analyses
Psychometric analysis of the psychotropic education and knowledge test for nurses in nursing homes (PEAK-NH) included construct validity, reliability and internal consistency. Construct validity was assessed through the known groups technique, where average scores of different groups of respondents expected to have different levels of knowledge are compared. The authors hypothesized that nurses with higher basic education, more working experience and with more than one relevant continuing education course would have higher PEAK-NH scores. In order to evaluate this, employees and students were grouped by function. Additionally, employees were grouped by educational background, years of work experience, current employment on open or closed ward and type and number of relevant continuing education courses. A ward with a closed character is the exclusive residence of people with dementia (or other cognitive deficits) and related behavioural and psychological symptoms which are prevented from freely leaving the ward without permission or supervision, for their own safety. A mix of residents with dementia and cognitively healthy residents often reside on open wards, where they can move freely and at their own discretion. We hypothesized that nurses working only on a closed ward may gain unique work experience that could enhance their knowledge of psychotropics and impact on their performance on the PEAK-NH. However, we found no difference in PEAK-NH scores between nurses working on open and closed wards.
Reliability, or the stability of the measurement across time, was assessed in the testÀretest procedure to determine the agreement between respondents' first and second responses for each item using a weighted kappa (k) coefficient (The Theoretical and Technical Foundations of Health Measurement, 2006) . A value of 0.61 k 0.80 indicates substantial agreement and k > 0.8 indicates nearly perfect agreement (Landis & Koch, 1977; Sim & Rasiah, 2006) . Internal consistency was determined using Cronbach's alpha (a). Acceptable coefficients are in the range 0.70 a 0.95. (Tavakol & Dennick, 2011) Item analysis of the PEAK-NH employed the difficulty and discrimination indices. The difficulty index (P) identifies excessively easy or difficult items by calculating the number of correct responses per item. Items were classified as being acceptable (0.25 P 0.75), very difficult (P < 0.25) or very easy (P > 0.75) (Sim & Rasiah, 2006) .
The discrimination index (D) determines whether items can sufficiently distinguish between respondents with much and little knowledge. Items were classified as wellfunctioning (D 0.40), reasonable (0.30 D < 0.40), marginal (0.20 D < 0.30) or poor (D < 0.20) discriminators (Ebel & Frisbie, 1986; Liu, 2008) .
Statistical analysis
The above statistical analyses were performed using the statistical package for social sciences (SPSS) version 21.0 (SPSS Inc., Chicago, IL, USA). Between-group differences in summary test scores were determined using the MannÀWhitney U Test for binary categorical variables and the KruskalÀWillis H Test for variables with at least three categories. The confidence interval was set at 95% and level of significance at 0.05.
Ethical considerations
This study received approval from the Ghent University Hospital Ethical Committee on 30 November 2011 (reference EC/2011/563, Belgian registration number B670201112009). Informed consent was implicitly given by all respondents who completed the PEAK-NH.
Results

Delphi technique
Of the original 24 items in the PEAK-AC, 13 items were transferred to the PEAK-NH. Four items were discarded and seven items were entered into the first Delphi round on the basis of poor CVI, discrimination or difficulty scores in the PEAK-AC, and the researchers' judgment of whether the item could be improved using the Delphi technique (Wauters et al., 2013 entered in the first Delphi round. After the first Delphi round (response rate D 100%, n experts D 8, n items D 7), three of those seven items (CVI clarity and CVI relevance 0.88) were transferred to the PEAK-NH. The remaining four items (three items had CVI clarity < 0.88; one item had CVI clarity D 1.00, CVI relevance D 1.00) were revised into five items. Despite its acceptable CVI scores, one of those four items was included because the term 'benzodiazepines' was adapted to 'sleeping pill'. Consequently, a total of five items were entered into the second Delphi round. Following the second Delphi round (response rate D 75%, n experts D 6, n items D 5), three items (CVI clarity and CVI relevance 0.83) were transferred to the PEAK-NH and two items (CVI clarity < 0.83) were discarded (Figure 1) .
The final PEAK-NH contains 19 randomly ordered items concerning dosages and general concepts of geriatric pharmacotherapy (six items), and indications and potential ADRs related to hypno-sedatives (five items) and antipsychotics (eight items) (Table 1) . Possible answers are correct (1 point), incorrect (0 points) and do not know (0 points); summary scores range from 0 to 19 points.
Description of study sample
Thirteen nursing homes (3 public, 10 private non-profit and no private for-profit) and five educational institutions participated in the study. There were 550 respondents who were either employed in a nursing home (87%) or were students (13%) ( Table 2) . Sixteen per cent of respondents obtained or were studying towards a Bachelor's Degree, 33% towards a Diploma and 51% towards a Certificate. One out of four respondents estimated their knowledge of psychotropic medications to be sufficient or more than sufficient.
Psychometric and item analyses
In general, psychometric and item analyses were conducted on the entire sample (n D 550) unless otherwise stated. Construct validity was demonstrated by significantly different median test scores that were achieved by most groups of respondents. We chose the median score because it is better suited to non-parametric data. Mean scores are poorly suited to non-parametric data because they are susceptible to the influence of outliers. The median scores derive a more representative value of the central scores in our data-set. The known groups test included all respondents (n D 550) except for nonresponses received for work experience (n D 536) and ward type (n D 487). Significant between-group differences in median score were observed for gender (p D 0.019), function (p < 0.001), educational background (p < 0.001), work experience (p D 0.008) and own estimated knowledge (p < 0.001) ( Figure 2 ). Respondents with multiple relevant continuing education courses had a significantly higher median score than those who had taken only one or no courses (p < 0.001) (Figure 3) . Respondents with continuing education in delirium (p < 0.001), depression (p < 0.001) or pharmacotherapy (p < 0.001) scored significantly higher than those who had not taken the respective course. No significant between-group differences were observed by ward type (p D 0.309).
The testÀretest procedure (n respondents D 42) yielded k D 0.641, indicating substantial agreement and stability over time (Table 3) . Internal consistency, evaluated on respondents who answered all items (n D 507), was shown through Cronbach's a D 0.773, suggesting acceptable item interrelatedness. Item analysis included all respondents (n D 550). Fifteen items (79%) demonstrated acceptable difficulty. Two items were easy (P antipsychotic item D 0.77, P hypno-sedative item D 0.79) and two items were difficult (P hypno-sedative item D 0.15, P pharmacotherapy item D 0.20) (see items 4, 5, 15 and 19 in Table 1 ). Seventeen items (89%) functioned well as discriminators between more and less knowledgeable respondents. One pharmacotherapy item was a reasonable discriminator (D D 0.27) and one hypno-sedative item was a poor discriminator (D D 0.11) (see items 4 and 15 in Table 1 ). All items were retained in the final PEAK-NH. 
Nurses' test performance
The median PEAK-NH score was 9 out of 19 points with an interquartile range (IQR) from 6 to 11 points. Antipsychotic items (median D 4 correct responses/8 antipsychotic items, IQR 2À6) and hypno-sedative items (median D 3/6 items, IQR 2À4) received the highest median scores. Pharmacotherapy items (median D 2/5 items, IQR 1À3) received the lowest scores. Head nurses with Bachelor's Degrees correctly identified higher numbers of ADRs (4 ADRs) compared to nurses with Diplomas (Figure 4 ).
Discussion
In this study, the PEAK-NH was adapted from the validated PEAK-AC through a Delphi technique with experts in geriatric pharmacotherapy. The PEAK-NH was validated in a large, heterogeneous population of nurses and nursing students recruited from multiple institutions. Psychometric and item analyses have demonstrated the PEAK-NH's construct validity, reliability and internal consistency in the nursing home setting. Four PEAK-NH items have poor difficulty values (two easy, two difficult) instead of two items in the PEAK-AC (one easy, one difficult). Still, compared to the previous PEAK-AC, the present adaptation for the nursing home improved the test's internal consistency and the discriminatory ability of most antipsychotic items. Several instruments have been developed to measure nurses' knowledge of certain drug classes (i.e. psychotropics) or geriatric syndromes (i.e. delirium, pain) in acute care (Hare, Wynaden, McGowan, Landsborough, & Speed, 2008; Lewthwaite Wauters et al., 2013) . Nevertheless, little attention has been paid to quantifying nurses' knowledge of geriatric pharmacotherapy, and even less in the nursing home setting (Lemay et al., 2013; Sino, Munnik, & Schuurmans, 2013) . The PEAK-NH is a 19-item instrument using true, false and don't know answers that measures nurses' knowledge and tracks its evolution over time. However, there are several limitations of this study. First, the term 'extrapyramidal' in the PEAK-NH may require somewhat more advanced literacy skills than those exhibited by some nurses or nursing assistants. However, we believe that the general readability and respondent comprehension was achieved by the PEAK-NH for several reasons. First, although the reading level of the PEAK-NH was not strictly determined, the Delphi experts were charged with the task of determining the test's clarity and relevance for target respondents. Second, most items scored well on both the difficulty and discrimination indicies. This means that the items were neither too difficult nor too easy, and yet they successfully discriminated between respondents with much and little overall knowledge. Second, selection bias may have resulted in more knowledgeable respondents agreeing to participate in the study. Third, the use of the known groups technique as a single approach to establish construct validity is a limitation of the study. Fourth, the 30minute interval in the testÀretest procedure is brief, however, necessary to be able to conduct this test in the classroom setting, which offered the benefits of a controlled environment for a set period of time.
The low median PEAK-NH score corroborates findings from previous studies of nurse knowledge of psychotropics and/or pharmacotherapy in acute care (Grandell-Niemi et al., 2005; Simonsen et al., 2011; Wauters et al., 2013) . Moreover, low scores suggest that nurses may have difficulty determining appropriate doses and/or indications for psychotropics, and identifying related ADRs in residents. Respondents' own estimated knowledge was related to their PEAK-NH performance, which suggests that nursing staff are aware of their knowledge gaps. The only known study to measure nurses' knowledge of antipsychotic risks in nursing homes found that fewer nurse assistants than nurses correctly identified ADRs (Lemay et al., 2013) .
In this study, nurses with a Bachelor's Degree correctly identified more ADRs and had higher odds of scoring over 50% on the PEAK-NH than nurses with a Diploma. Although both training programmes in Belgium qualify graduates to work as nurses, the curriculum structure and content varies among institutions . These results suggest a need for standardized pharmacotherapy training, including on psychotropics, in Belgian nursing education. In addition, pharmacotherapy was the only continuing education topic that significantly increased respondents' odds of scoring over 50% on the PEAK-NH. These findings suggest that continuing pharmacotherapy education could be targeted to nurse assistants in order to improve their knowledge.
Nurse assistants' insufficient knowledge of psychotropic medications, shown in this study, cautions managers against delegating medicines preparation to not enough trained and qualified nursing staff. Measuring nurses' knowledge of psychotropics would enable nursing home managers to adapt nurses' roles in the medications management process and/or target continuing education accordingly.
In this exploratory phase, it is still not known what the cut-off PEAK-NH score could be to signify sufficient knowledge of psychotropics. Future research should therefore be directed towards validating PEAK-NH scores with patient outcomes (i.e. ADR rate or severity, quality of life) and/or facility performance on quality indicators. Moreover, interventions to improve knowledge of psychotropic dosages and indications in nursing homes need to be developed and tested as a first step in reducing the risk of inappropriate prescribing of psychotropics and related ADRs. Continuing education curricula and the frequency of retraining necessary to improve and sustain sufficient psychotropic knowledge are topics worthy of additional research. The PEAK-NH could measure the effect of interventions on nurses' knowledge and tracking its evolution.
Conclusion
The PEAK-NH is a valid and reliable instrument to measure nurses' knowledge of psychotropic medications in the nursing home setting. These results suggest that nurses and nurse assistants have limited knowledge of psychotropic medication use (i.e. dosages, indications, related ADRs) in nursing homes. The PEAK-NH can be a tool for education and training initiatives aiming to improve the appropriate use of psychotropics in the nursing home and reduce polypharmacy.
